Background: Epidural block approach and drugs are common options for improving the sensory and motor block duration and postoperative pain management.
Background
Anesthesiologists always try to develop new methods of improving the quality of postoperative pain management as their main goal. Lower limb surgery is performed under local, regional, or general anesthesia. Epidural anesthesia is a local anesthetic technique used in lower limb surgery (1) (2) (3) (4) . Modern orthopedic surgery aims at a faster onset of postoperative activity, mobility, and rehabilitation along with the least pain and discomfort. To achieve these objectives, different local anesthetics are used. Bupivacaine is a common agent in lower extremity surgery due to the long blockage, separation of the sensory block from the motor block, non-absolute absence of tachyphylaxis, and limited placental transmission in this type of surgery (5, 6) .
Research shows that intrathecal bupivacaine had a short onset of sensory blockade (7) . An increase in the dose of bupivacaine reduces the intensity of postoperative pain, reduces the opiate administration time to first analgesic demand, and decreases the incidence of nausea and vomiting (8) . Intrathecal injection of alpha 2 agonists, such as dexmedetomidine, as adjuncts to topical anesthetics, can enhance the effects of anesthetic drugs and reduce their demand (5, (9) (10) (11) . Dexmedetomidine as an adjunct directly increases the block time through the direct modulating of receptors on motor neurons and posterior horn sensory neurons of the spinal cord or their synapses (12, 13) . The analgesic effects of epidural bupivacaine when administered alone last almost 4 -6 h, but epidural morphine is effective for 12 -24 h (14) . The comparison of dexmedetomidine and fentanyl as intrathecal adjuvant drugs to bupivacaine showed that dexmedetomidine could prolong motor and sensory blockade and reduce the anesthetics consumption during the initial 24 h post-surgery (15) . The addition of dexmedetomidine to ketorolac, compared to its addition to paracetamol, caused a further reduction in the postoperative pain score and resulted in a greater satisfaction rate (16) . Combined bupivacaine-morphine also resulted in greater analgesic effects than morphine alone (17) . Moreover, while the nerve impulse transmission is blocked by local anesthetics in the spinal cord dorsal horn µ-opioid receptors, opioids modulate pain (18) .
Studies have shown that opioids could induce a lowersensory and motor maturity onset in T6 than lidocaine did, whereas they caused a higher sensory blockade level. The time to first analgesia demand was longer and the average consumption of meperidine was lower (19) . Dexmedetomidine as an adjuvant to local anesthetics improves epidural efficacy without complications such as urinary detention that are usually accompanied by opioid drugs. Moreover, epidural dexmedetomidine is widely available (20) .
Objectives
The present study aimed to comparatively investigate the analgesic effects of combined bupivacaine-morphine (BM) and bupivacaine-dexmedetomidine (BD) on the sensory and motor block onset, the sensory and motor block duration, postoperative pain control, time to first analgesic demand, and hemodynamic stability in patients undergoing leg fracture surgery under epidural anesthesia.
Methods
This was a prospective randomized clinical trial (IRCT20180602039954N1) conducted on patients (n = 80; age range = 18 to 60 years) with ASA class I or II hospitalized at Imam Khomeini Hospital, Ahvaz, Iran. We calculated a sample size of 32 patients in each group considering the type I error of 0.05 (confidence interval of 95%) and margin of error of 0.90 using Equation 1. To account for the possible dropout rate, we selected 40 patients for each group.
The experimental procedure was approved by the Local Ethics Committee of Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran (registration code: IR.AJUMS.REC.1396.938). Patients who were hospitalized for leg fracture surgery under epidural anesthesia were recruited for this study. The exclusion criteria included a history of any addiction, coagulation or neurological disorders, localized infection at the site of the epidural block, a need for analgesics during surgery, failed epidural blocks leading to general anesthesia, pregnancy, allergy to the study drugs, and con received anti-thrombotic medications. All patients were randomly allocated to either the BD group or the BM group (40 patients in each group).
Initially, we recorded the preoperative pulse rate (PR), non-invasive systolic blood pressure (SBP) and diastolic blood pressure (DBP), and saturation O 2 (SatO2). Good IV access was secured in the operating room. The patients were preloaded with 10-mL ringer solution per kg body weight over 15 -20 min. The epidural block was performed with a Tuohy needle (Episure, indigo ore, USA) at the L3 -L4 interspace. The site of epidural space was confirmed by the loss-of-resistance technique. After we injected a test dose with 3 mL of lidocaine 2% and epinephrine 1/200,000 in the BD group, the patients received 12 mL of bupivacaine 0.5% (AstraZeneca, UK) (21) + dexmedetomidine 1 µg/kg (Hospira, USA) (22) . This dose was chosen based on previous studies reporting that the average dose of 1 -2 mL of bupivacaine is needed for the epidural block of each segment.
In the BM group II, the patients received 12 mL of bupivacaine 0.5% plus 2 mg morphine (Darou Pakhsh, Iran) (21) . Then, we started measuring the PR, SBP, DBP, and SatO2 and continuously monitored the readings. Immediately after the block, we recorded PR, SBP, DBP, and SatO2 at 5-min intervals for the initial 30 min, followed by 15-min intervals until the end of the sensory and motor block.
The hypotension was defined as SBP < 90 mmHg or SBP reduction of more than 20% of baseline. Hypotensive patients were treated with serum therapy using 5 mg ephedrine. If patients experienced bradycardia (HR < 55), 0.5 mg atropine was administered IV. Then, the sensory level was monitored every 2 min with the Cold Swab method until it reached the T12 level of sensory block, at which surgery began when motor block reached grade 3 of the modified Bromage scale. The sensory block duration was measured at 15-min intervals until it reached the L5 level. The motor block was recorded at 5-min intervals for the initial 30 min of the epidural block, followed by 30-min intervals until the modified Bromage scale reached zero. The onset time and duration of complete motor block, as well as the time of complete reversal, were recorded in the same time course. When sensory block reached the L5 level, postoperative pain was scored using a 10-point VAS (0 = no pain to 10 = worst pain imaginable) at 30-min intervals until the first demand of analgesic drug. When the VAS was greater than 4, if the patient requested analgesia, a postoperative 30-mg incremental dose of IV meperidine was administered and recorded.
The adverse effects and complications during and after surgery including itching, dry mouth, tremor, nausea, and vomiting were recorded. Itching and tremor were 2
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recorded as presence/absence. In the case of any complication, 1 mg ondansetron was administered IV. Dry mouth was also recorded as presence/absence. Nausea and vomiting were measured using the Verbal Rating Scale (VRS) scale and if it scored moderate to high, 1 mg ondansetron was administered IV. The level of sensory block was monitored until it returned to the L5 level. The motor block was monitored until the modified Bromage scale returned to zero. The hemodynamic status was monitored until the end of the sensory and motor block. The VAS was recorded until the first analgesic demand and the complications were monitored for 12 h.
The collected data were analyzed with SPSS (version 20, SPSS Inc., Chicago, IL, USA) using independent sample t-test and the chi-square test. Statistical significance was set at 0.05 for all analyses.
Results
The patients' demographic characteristics are presented in Table 1 . There were no significant differences between the groups in age, weight, and height of the patients. The majority of the patients in both groups were male. The postoperative scores of block showed statistically significant differences between the two groups ( Table 2) . The VAS score was lower in the BD group than in the BM group, indicating the better performance of dexmedetomidine in postoperative pain control in the former group ( Figure 1A) . The PR was not significantly different between the two groups ( Figure 1B) . The BP (blood pressure) mean arterial pressure (MAP) was not significantly different between the two groups ( Figure 1C) . Moreover, the SatO2 was not significantly different between the two groups ( Figure  1D) .
Although both adjuvants improved the postoperative analgesia parameters, dexmedetomidine was more effective than morphine. The BD combination showed a greater pain reduction than the BM combination in our population ( Table 3 ).
The frequency of complications in the two groups intraoperatively and postoperatively is presented in Table 4 . The frequency of dry mouth was significantly different between the BD and BM groups (P = 0.031).
Discussion
In this study, dexmedetomidine was better than morphine as an adjuvant in local epidural anesthesia and resulted in shorter time to attain the sensory and motor block, longer sensory and motor block duration, more effective postoperative pain control (lower VAS scores), and longer time to first analgesic demand. The MAP, PR, and SatO2 were not significantly different between the two groups. In terms of side effects, dry mouth was observed only in the BD group while tremor, itching, and vomiting were observed in the BM group.
Bajwa et al. in a clinical trial compared the effects of dexmedetomidine and fentanyl as adjuvants in patients undergoing lower limb orthopedic surgery under epidural anesthesia (23) . They reported that dexmedetomidine could better act in terms of hemodynamic stability, time to sensory block onset, sensory and motor block duration, the duration of postoperative analgesia effects, the need for postoperative local anesthetics, and sedation score (23) . Our findings were consistent with the findings of Bajwa et al. study. Our findings also showed that dexmedetomidine resulted in a shorter time to reach sensory and motor block than morphine did. The sensory and motor block duration was longer in the BD group than in the BM group and the time to first analgesic demand was longer in the BD group than in the BM group. In conclusion, our study indicated that dexmedetomidine as an additive to bupivacaine in epidural anesthesia could result in longer sensory and motor block duration, more hemodynamic stability, and more effective postoperative analgesia; it induced longer anesthesia and lowered the need for additional perioperative and postoperative analgesics. Rahimzadeh et al. compared the efficacy of dexmedetomidine and fentanyl as additives to intrathecal bupivacaine in lower limb orthopedic surgery. When they used dexmedetomidine rather than fentanyl as an adjuvant to bupivacaine for spinal anesthesia in lower limb surgery, they achieved longer sensory and motor block and longer postoperative analgesia (3) . In another study, Imani et al. evaluated the effects of adding dexmedetomidine to paracetamol or ketorolac on post-cesarean pain and its associated complications. Their findings indicated that dexmedetomidine added to ketorolac, compared to its addition to paracetamol, induced further reduction in the postoperative pain score and resulted in higher rates of satisfaction (16) .
In another study, Eskandar and Ebeid investigated the effects of epidural doses of dexmedetomidine plus bupivacaine on analgesia after knee joint replacement surgery 24. They concluded that epidural injection of bupivacaine plus dexmedetomidine is ideal for postoperative pain management in patients undergoing knee joint replacement surgery (24) . Their findings showed that bupivacaine plus dexmedetomidine resulted in prolonged sensory and motor block and effective postoperative pain con-4
trol. Therefore, they suggested dexmedetomidine plus bupivacaine as an appropriate combined drug. The most commonly used technique in leg fracture surgery is epidural anesthesia, which provides both perioperative surgical anesthesia and postoperative analgesia. Early postoperative mobilization and rehabilitation along with minimal pain and discomfort are the main objectives of the modern orthopedic surgery (14, (25) (26) (27) .
It should be noted that the present study had some limitations. Small sample size and lack of a placebo group were the main limitations of this study. Moreover, we used the VAS for the assessment of pain. This measure is vulnerable to between-individual variations since it largely depends on the threshold of pain and pain perception that may vary from person to person. Therefore, we suggest that randomized clinical trials be conducted with large sample sizes to measure pain and compare the efficacy of the two analgesics.
Conclusions
The findings of this study showed that bupivacainedexmedetomidine combination results in prolonged sensory and motor block and effective postoperative pain control. Thus, this combination could be appropriate for epidural anesthesia in leg fracture surgery.
